• The results of this study provide X-ray exposure factors required to acquire optimal diagnostic quality images of breast tissue with different tissue compositions and thicknesses in digital mammography, leading to a better diagnosis of breast cancer manifesting in the form of microcalcifications and mass lesions. 
each type of feature present in the phantom. Statistical analysis was performed using nonparametric tests to compare sets of image scores at p = 0.05. Results: A small but statistically significant improvement was detected in the visibility of microcalcifications (8.8 ± 0.2; p = 0.031) for the W/Rh combination but this did not show any differences in the visibility of masses or fibers. The entrance skin dose (ESD) and mean glandular dose (MGD) were lower for the W/Ag (ESD = 1.30-3.70; MGD = 0.44-0.93 mGy) combination compared to W/Rh (ESD = 1.66-5.40; MGD = 0.52-1.12 mGy). The MannWhitney test revealed that 30-kV exposure with the W/Rh combination showed a significantly better visibility of specks in the 30/70 phantom compared to other exposures. Conclusion: The use of an Rh filter showed a better image quality for all phantoms. 28 and 30 kVp with the W/Rh combination provided a slightly better image quality, and the MGD is less than 1.2 mGy.
Introduction
Breast cancer is one of the most commonly diagnosed malignancies in American women and the second leading cause of cancer deaths in women [1] . Over the last 30 years, the incidence of breast cancer among the Kuwait population has increased threefold from 15 to 50 cases/100,000 population [2] . In many studies the combination of a clinical breast examination and screening mammography has increased breast cancer detection rates and the number of cancers detected at more localized stages, thus lowering the rate of breast cancer deaths [3] [4] [5] [6] [7] . Most mammographic systems on the market have the ability to automatically select a beam quality based on compressed breast tissue thickness. They also allow radiographers to manually set tube potential and target filter combinations [8] . Optimization of exposure parameters in digital mammography is necessary to maximize the contrast-to-noise ratio (CNR) of the image, while simultaneously minimizing patient dose [8] . Since the breast is a highly radiosensitive organ, it is important that the dose level during screening mammography be kept as low as possible so that screening itself does not increase the risk of breast cancer induction [9, 10] . Image quality and the probability of relevant anatomical details or pathology displayed is affected by the amount of tissue coverage, contrast between tissues, exposure latitude or dynamic range, spatial resolution of the imaging system, any noise, and artifacts present in the image [11] . Image quality depends critically on the design and performance of the radiographic unit, the type of image receptor and the manner in which the equipment is used to acquire and process the mammogram. In addition, the type of display and the conditions under which the image is viewed have an important effect on the ability of the radiologist to extract the information recorded in the mammogram [12] .
The composition of breast tissue can vary from mostly adipose to variable quantities of radiologically dense tissue, due to patient age and genetic factors [10] . A large variety of breast phantoms have been produced with tissue-equivalent materials and used in an attempt to simulate living organs in terms of attenuation, density of tissue, and the radiographic visibility [13] . Previous studies had shown that a fully digital mammography (FDM) system has optimum image quality and is capable of detecting subtle calcification clusters with low dose [14, 15] . Aminah et al. [8] reported potential for dose reduction up to 11% for a set CNR of 3.0 by using beam quality other than that determined by automatic exposure control selection. This study also found that exposure factors for optimal image quality depended on the composition (glandular-to-adipose) of breast tissue. However, the dependence of exposure factors on different thicknesses of breast tissue has not been studied widely.
Hence, the aim of our study was to investigate the effect of exposure factors used in digital screening mammography on detection of masses and microcalcifications on different tissue compositions and thickness. 
Materials and Methods

Breast Phantom Model
Image Acquisition and Data Collection
Three images were obtained using each phantom and targetfilter combination (W/Rh and W/Ag), one each at 28, 30, and 32 kVp, respectively. These kilovolt peak values represent the range used in clinical studies with patients. The automatic exposure control unit of the system was used to determine the appropriate milliampere-seconds for all images. The entrance surface dose (ESD) and mean glandular dose (MGD) were recorded from the Hologic Selenia DM unit for each exposure. The images were processed according to the manufacturer-recommended methods [6] .
Reader Study
All images were evaluated by 5 senior technologists, with average work experience of 15 years (range: 12-20 years) who work in the screening mammography centers using Barco's (Barco Inc., Zug, Switzerland) 5-megapixel display systems for digital breast imaging. The reviewers were prohibited from making any further enhancements, such as adjusting window level and/or window width, during their evaluation. They were allowed sufficient time to view the images and were requested to write down the number of groups of microcalcifications, number of fibers, and number of masses that were visible. Image scores were assigned, for each type of feature present in the phantoms, equal to the number of features visible to the observers.
Statistical Analysis
Statistical analysis was performed using the Mann-Whitney test for comparing 2 sets of scores and the Kruskal-Wallis test for Exposure Factors in Digital Screening Mammography 
Results
The exposure factors MGD and ESD for the 3 different exposures of the phantoms with 50, 30, and 20% glandular content are shown in Tables 1-3 , respectively. The MGD and ESD for W/Ag were lower than W/Rh in all 3 phantoms. The number of visible features for the 3 exposures of the phantoms with 50, 30, and 20% glandular content are illustrated in Figures 2-4 tically significant differences were not observed for any of the 3 features in any of the 3 phantoms when exposure factors were changed, except for the visibility of microcalcifications in the phantom with 30% glandular content (p = 0.031). The Mann-Whitney test revealed that the 30-kVp exposure with the W/Rh combination showed a significantly better visibility of specks in this phantom compared to other exposures. Statistically significant differences were not observed between specific kilovolt peaks and filters used for the 50/50 phantom, 30/70 phantom and 20/80 phantom, but in sum of ranks the Rh filter provided a better detectability for fibers, microcalcifications, and masses for all kilovolt peak values used in this study. However, for the 50/50 phantom, the image acquired at 30 kVp with the W/Rh combination produced the highest mean rank for the visibility of fibers. For the visibility of microcalcifications 28 and 30 kVp with the W/Rh combination and 32 kV with the W/Ag combination resulted in the higher mean rank values than other combinations. For masses, the 28 kVp with W/Rh exposure resulted in the highest mean rank. For the 30/70 phantom, the optimum kilovolt peak which resulted in the highest mean rank was 30 for fibers, 28 for microcalcifications, and for the masses it was 28 and 32 kVp with W/Rh. For the 20/80 phantom, 28 and 32 kVp are optimal for fibers, 30 kVp for specks, and 28 kVp for masses, all for the W/Rh combination.
Discussion
Our current work indicated that the use of the W/Rh combination may result in a slightly better image quality than the W/Ag combination for different breast tissue compositions. One previous study [8] reported that as the breast thickness increases, there is a greater possibility for dose reduction using W/Rh followed by Mo/Rh and Mo/ Mo combinations. Another study [16] recommended 28, 29, and 31 kVp without comparing between W/Rh and W/Ag, but supported the idea that using the W/Rh combination results in a reduction of dose.
The detectability of different structures of the human breast tissue in a radiographic image is influenced by several image quality parameters. Three of these -subject contrast, spatial resolution of the imaging system, and image noise -have been commonly used to assess image quality. The subject contrast is influenced by the X-ray beam quality, which depends on the kilovolt peak setting and the target/filter combination. Higher X-ray beam qualities reduce subject contrast. Image noise obscures structures and affects detectability of structures. Since the Rh filter removes from the X-ray beam the components above its k-edge, the average energy of the beam is slightly lower than when Ag was used as a filter. The higher beam quality from the Ag filter results in lower subject contrast and hence slightly lower detectability of features in the phantom. In FDM, some loss of subject contrast due to high X-ray beam quality can be recovered using image enhancement techniques built into the imaging systems. Quantum noise and anatomical noise are present in all images. Quantum noise, which obscures small structures like microcalcifications and fibers, can be reduced by increasing the amount of X-rays used to form the image. Anatomical noise, which affects the detectability of larger structures like masses, mostly depends on the imaging geometry rather than X-ray beam quality. The contribution from quantum noise to the total image noise is much higher than that from the anatomical noise. These reasons could be used to explain the lack of statistically significant differences in the detectability of structures when kilovolt peak and filter material were changed in our study [17, 18] .
The reduction in MGD and ESD when the W/Ag combination was used could be attributed to the higher X-ray beam quality, leading to a larger proportion of the beam penetrating the breast tissue and reaching the image receptor. The optimization principle of radiation protection requires that diagnostic quality images be acquired using the least possible radiation dose to the patient. The European Commission has set a guidance MGD level of 1.3 mGy for mammography examinations of a standard breast. All the exposure factors used in our study resulted in MGD less than 1.2 mGy and in some cases much lower values.
There are some limitations to our study which should be considered when interpreting the results. Firstly, this study was conducted on a single FDM system and therefore the results may vary slightly when other FDM systems are used. Further studies involving multiple FDM systems are proposed. Secondly, image quality analysis in this study was carried out subjectively by observers, and the results may vary if a different group of observers were used. Although interobserver variability was not analyzed in this study, the error bars (1 SD) indicated in Figures  2-4 represent a relatively small spread of observer responses to all 3 features. Interobserver variability can be minimized if objective methods of image analysis, such as measuring signal-to-noise ratio and/or CNR, are used. Although signal-to-noise ratio and CNR are very useful image quality measures for assessing imaging system performance, it may be of less relevance in clinical situations. The authors chose to use observers because it closely resembles the clinical situation where radiologists report on mammographic images.
Conclusion
The use of the Rh filter showed better image quality for all phantoms. The authors recommend the use of 28 and 30 kVp as exposure factors with the W/Rh combination for screening DM. These factors resulted in MGD less than 1.2 mGy which meets the international standards.
